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The objective of this paper is to propose an initial discussion on the characterization of
a third abrasive wear mode. The results obtained in a previous work [1] under different
test  conditions revealed the occurrence of the superposition of the “rolling” and “grooving”
abrasive  wear modes. This phenomenon was denoted “micro-rolling abrasion” due to the
observation  that “rolling abrasion” was found to act on “grooving abrasion”.
© 2014 Brazilian Metallurgical, Materials and Mining Association. Published by Elsevierbrasion
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n abrasive wear, two abrasive wear modes are observed on
orn  surfaces: “grooving abrasion” results when abrasive par-
icles slide on the specimen, whereas “rolling abrasion” is
bserved  when abrasive particles roll on the specimen [2].
epending  on the test conditions, there is a predominance of
grooving  abrasion”, “rolling abrasion”, or the simultaneous
ccurrence of both modes [3–5].
The purpose of this initial study is to discuss the possi-
ility of the existence of a third abrasive wear mode, which is
haracterized by the superposition of the “rolling” and “groov-
ng”  wear modes. Further detailed information on equipment
onﬁguration, materials and experimental procedure can be
ound in Refs. [1,6–9].
suggests the classiﬁcation of a third abrasive wear
mode and proposes a discussion with the scientiﬁc
community.
2.  An  initial  discussion  on  a  third  abrasive
wear  mode
In the studies of Refs. [1,7–9], an optical microscopy analysis
was  performed on worn areas, and in all cases, the abra-
sive  wear mode was  grooving abrasion. However, when a
more  detailed analysis was conducted with a scanning elec-
tron  microscope (SEM), the occurrence of rolling abrasion
was  observed in addition to grooving abrasion, i.e., the SEM
revealed  the occurrence of rolling abrasion along the grooves.
In  this case, the Ag/At relationship deﬁned by Cozza et al.This  subject began during the Ph.D. program of R.C.
ozza [7], and the ﬁrst results were published in Refs.
1,7–9]. However, this is the ﬁrst time that R.C. Cozza
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[6,7,10,11] is no longer valid; Ag is the projected area fraction
with  grooving abrasion, and At is the total projected area of
the  wear crater.
tion. Published by Elsevier Editora Ltda. 
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Fig. 1 – Occurrence of micro-rolling abrasion [9]. Normal
force  of 1.25 N for a sliding distance of 100 m.
Three points can be highlighted in this initial discussion:In the discussions in Refs. [1,7–9], the phenomenon of
rolling  abrasion at the surface of or between the grooves was
referred  to as “micro-rolling abrasion”. Fig. 1 [9] presents the
occurrence  of micro-rolling abrasion for a normal force of
1.25  N, for a sliding distance of 100 m.
Fig.  4 of Ref. [10] (Fig. 3c in this work) exempliﬁed the
simultaneous action of rolling abrasion and grooving abra-
sion,  which is a situation that indicates a transition condition
between  these abrasive wear modes and a possible distinct
qualiﬁcation of the areas Ar and Ag in Eq. (1); Ar is the projected
area  fraction in rolling abrasion.Ar = At − Ag (1)
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Fig. 2 – Schematisation of the principle of the occurren. 2 0 1 4;3(2):191–193
The difference between the example shown in Fig. 4 of Ref.
[10]  and “micro-rolling abrasion” (Refs. [1,7–9]) is that both the
rolling  and grooving wear modes act together and are super-
imposed  in the same area of micro-rolling abrasion.
Differences in the conditions of the abrasive particles can
result  in grooving abrasion or rolling abrasion, e.g., if abrasive
particles  are incrusted on the surface of the counter-body or
are  free, respectively. For micro-rolling abrasion to occur, there
must  be both abrasive particles incrusted on the surface of
the  counter-body that are responsible for generating grooving
abrasion  and abrasive particles that are free to roll.
Another possible explanation for this phenomenon is
related  with the abrasive particle size: the marks of rolling
abrasion are derived from abrasive particles that roll along
grooves  that were  produced by other larger abrasive particles.
The  larger abrasive particles, which adhere to the counter-
body,  are subjected to relatively higher normal forces;
therefore, these particles acquire only “translation” motion
and  thus generate “grooving abrasion”. In contrast, the smaller
abrasive  particles, which are subjected to reduced normal
forces,  exhibit motions of “translation + rotation”. Then, the
translation  motion of the larger abrasive particles and the
“translation + rotation” motions of the smaller abrasive par-
ticles  produce “micro-rolling abrasion”, as suggested in Fig. 2.
3.  Preliminary  conclusions(1)  Fig. 3a–c [1,3,7,8,10] exemplify the classic actions of “groov-
ing  abrasion” and “rolling abrasion” wear modes. In
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 of the abrasive particle.
rticle develops “translation+rotation”.
ce of the “micro-rolling abrasion” phenomenon.
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Fig. 3 – (a) Grooving abrasion [1,7,8], (b) rolling abrasion [3], (c) “grooving + rolling” abrasion [7,10] and (d) “micro-rolling
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rbrasion” [1,7,8].
addition, a third abrasive wear mode, denoted “micro-
rolling abrasion”, has been suggested (Fig. 3d [1,7,8]).
2)  The conceptualisation of a third abrasive wear mode,
called “micro-rolling abrasion” in this work, is important
by  the synergy between “grooving abrasion” and “rolling
abrasion”, which is not possible if the abrasive wear modes
are  considered independent.
3)  Further studies, discussions and a joint effort of the sci-
entiﬁc  community are necessary regarding this subject to
acquire  knowledge and to determine whether there is a
third  abrasive wear mode.
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